We consider to what extent the empirical failings of the Q model of investment can be accounted for by the failure of the assumption that share prices are strongly efficient. We characterise the implications of different types of 'measurement error' in stock market valuations, considered as a measure of the present value of expected future profits, for consistent estimation of the Q model. We show that the model can be identified when we use a measure of fundamentals based on securities analysts' earnings forecasts in place of the conventional measure of average q based on share price data. In this case we find more reasonable estimates of the size of adjustment costs and the elasticity of investment with respect to fundamentals. Perhaps most surprisingly, we find that conditional on our measure, there is no additional information relevant for investment in the conventional share price based measure of average q. In addition, neither cash flow nor non-linear terms are found to be significant conditional on our constructed measure of average q. Taken together these results provide the first evidence that there is a measure of fundamentals that is a sufficient statistic for investment.
"Perhaps no single empirical issue is of more fundamental importance to both the fields of financial economics and macroeconomics than the question of whether or not stock prices are a well-informed and rational assessment of the value of future earnings available to stockholders" Fischer and Merton (1984) , p.94
Introduction
The Q model of investment has proved to be a popular and powerful framework for analysing the investment decisions of firms, linking the firm's optimal investment decisions to expected future profitability via the observable stock market valuation of the firm. Despite this close connection between theory and data, the empirical performance of the Q model has generally been disappointing, at both the macro and micro levels and across countries. Most empirical estimates imply that investment is insensitive to changes in average q, defined, in its simplest formulation, as the ratio of the stock market value of the firm to the replacement cost of its property, plant and equipment. Perhaps more importantly, most studies have rejected the prediction that average q is a sufficient statistic for investment.
1 These results have striking and, perhaps, counterintuitive implications for understanding the determinants of investment spending, which typically drives business cycles. Essentially they suggest that businesses ignore changes in their expected future profitability when making capital investment decisions.
There have been many attempts to salvage the Q model by enriching its theoretical or empirical foundation: for example, by incorporating imperfect competition (Schiantarelli and Georgoutsos, 1988) , multiple capital inputs (Hayashi and Inoue, 1991) or autocorrelated adjustment cost shocks (Blundell, Bond, Devereux and Schiantarelli, 1992) . Another approach has focussed on periods when variation in average q is dominated by exogenous changes in tax parameters, finding more reasonable estimates of the structural parameters in these periods (Cummins, Hassett and Hubbard, 1994, 1996) . This is consistent with the possibility that the variation in share prices, which normally dominates the variation in average q measures, contains excessive 'noise' that is at best uninformative about company investment. However, given the large literature on the effects of capital market imperfections (see, for example, the surveys in Schiantarelli, 1996, and Hubbard, 1998) and the growing literature that emphasizes non-convex adjustment costs and option value of waiting to invest (see, for example, Caballero, 1998 and Dixit and Pindyck, 1994) , the consensus view seems to be that the standard Q model is itself seriously misspecified.
In this paper we consider to what extent these empirical failings of the Q model can be accounted for by failure of the assumption that share prices are strongly efficient.
This assumption -that stock market valuations equal the present value of expected future net distributions to shareholders -is crucial to the conventional measurement of average q. However this strong form of market efficiency is not implied by the extensive evidence consistent with weak market efficiency, or the requirement that excess returns cannot systematically be made by trading on the basis of publicly available information. Several models of asset pricing have been proposed that are consistent with weak efficiency but allow large and persistent departures from strong efficiency; see, for example, the rational bubbles models of Blanchard and Watson (1982) and Froot and Obstfeld (1991) , and the noise trader model of Campbell and Kyle (1993) .
The main empirical novelty in our work is the use of data on securities analysts' earnings forecasts. We use these forecasts to construct an alternative estimate of the present value of expected future profits, and input this into an alternative measure of average q that does not rely at all on share price information. We consider using this constructed measure both as an instrumental variable for the conventional measure of average q based on equity valuations, and as an alternative to the conventional measure in an otherwise standard Q model of investment. In contrast to the consensus view that the Q model is misspecified, in our approach we maintain the basic theoretical setup Hayashi (1982) introduced to equate average and marginal q and relax only the assumption of strong stock market efficiency. We are certainly not, however, the first to investigate whether deviations from strong efficiency help account for the dismal performance of empirical investment equations. 2 In particular, we discuss how our approach relates to that of Abel and Blanchard (1986) , who relied on econometric forecasts of marginal q, rather than a stock market based measure of average q.
Our main analytical contribution is to characterise the implications of different types of 'measurement error' in stock market valuations, considered as a measure of the present value of expected future profits, for consistent estimation of the Q model. This measurement error may be serially uncorrelated or persistent, and may be correlated or uncorrelated with the present value of expected future profits itself. In each case we propose a test of the null hypothesis of strong stock market efficiency, and consider identification of the Q model under the alternative.
Our empirical results, using panel data for US companies that are publicly traded, are unequivocal. Using the conventional measure of average q, based on stock market valuations, we replicate the usual empirical findings: the average q model yields implausible estimates of adjustment costs; cash flow terms are significant conditional on average q; and there are significant non-linearities in the relationship between investment rates and average q.
Using alternative instrument sets, and using our constructed measure as an instrument for the usual measure of average q, has little effect on these results. However, we obtain strikingly different results when we use our measure of average q based on analysts' earnings forecasts in place of the conventional measure of average q based on share price data. In this case we find more reasonable estimates of the size of adjustment costs, and neither cash flow nor non-linear terms are found to be significant conditional on our constructed measure of average q. Perhaps most surprisingly, we find that conditional on our measure, there is no additional information relevant for investment in the conventional share price based measure of average q.
Conditional on the structure of the Q model of investment, these results reject the null hypothesis of strong stock market efficiency, and indicate that the deviations of equity valuations from the firm's 'fundamental' value (i.e., the present value of expected future net distributions to shareholders) are both persistent and themselves correlated with fundamental values. We discuss models of rational bubbles and noise traders that are consistent with these results. Our results also suggest that company investment is consistent with a model in which firms seek to maximise the present value of their expected future profits rather than their stock market capitalisations, which are not necessarily the same objective once we recognise that share prices violate the strong form of market efficiency.
3 2 The Q model
Basic model
The model we consider is standard in the investment literature. The objective of the firm when choosing investment at time t is to maximise the present value of the stream of current and expected future net distributions to its existing shareholders. Assuming, for simplicity, no taxes and no debt finance, the net distribution to shareholders (i.e.
dividends paid minus the value of new shares issued) coincides with the net revenue generated by the firm in each period. Thus the firm's objective is to maximise:
where Π t+s denotes net revenue generated in period t + s; β t+s is the discount factor used in period t to discount expected revenue in period t + s, with β t = 1, and E t [.] denotes an expectation conditioned on information available in period t.
We specify the net revenue function to have the form
where K t is the stock of capital in period t, L t denotes a vector of variable inputs used in period t, I t is gross investment in period t, p t is the price of the firm's output, w t is a vector of prices/wage rates for the variable inputs, and p K t is the price of capital goods in period t. F(K t , L t ) is the production function for gross output, and G(I t , K t ) is an adjustment cost function, with costs of adjusting the capital stock specified to take the form of lost output. Our timing assumption is that current investment is immediately 3 See Stein (1996) for conditions under which this remains an appropriate objective for firms in the absence of strong efficiency. 4 The firm index i is suppressed except when needed for clarification.
4 productive, and the stock of capital evolves according to
where δ is the rate of economic depreciation. We also assume that current prices and the realisations of current technology shocks are known to the firm when choosing current investment. The expected value in equation (1) is taken over the distribution of future prices and technology shocks. Other timing conventions are certainly possible, but would not affect the substance of our analysis in the following sections.
The firm chooses investment to maximise V t subject to the capital accumulation constraint in equation (3). The first order conditions for this problem give
and
where λ t is the shadow value of an additional unit of installed capital in period t.
Given equation (2) and price-taking behaviour, the first order condition (4) can be rearranged as
where q t = λ t /p K t is marginal q, or the ratio of the shadow value of an additional unit of capital to its purchase cost. In the absence of adjustment costs, investment is chosen such that marginal q is unity, and in the presence of strictly convex adjustment costs investment is an increasing function of marginal q.
The average q model requires that Π t (K t , L t , I t ) is homogeneous of degree one in (K t , L t , I t ), sufficient conditions for which are that both the gross production function and the adjustment cost function exhibit constant returns to scale, and the firm is a price-taker in all markets. Given this linear homogeneity, Hayashi (1982) proved the 5 equality of marginal q and average q, which with our timing convention yields
Average q is the ratio of the value of a firm entering period t with a capital stock of
(1 − δ)K t−1 inherited from the past, to the replacement cost value of that capital in period t. Notice that the numerator of average q in (7) is the present value of current and expected future net revenues, as in equation (1). This will only be measured by the firm's equity valuation if stock market prices are strongly efficient.
Further assuming that adjustment costs have the symmetric, quadratic form
then gives the convenient linear model
in which the error term e t is an adjustment cost shock, observed by the firm but not by the econometrician, which may be serially correlated. 
Measurement error in share prices
Under the assumption that stock market prices are strongly efficient, the firm's equity valuation (V E t ) coincides with its 'fundamental' value (V t ), and the empirical investment equation (9) can be estimated consistently by using the equity valuation to measure the numerator of average q. We relax this strong efficiency assumption to allow for the possibility that V E t ≠ V t , and consider the implications of the resulting measurement error in average q for the estimation of the Q investment model (9).
5 It is well known that the Q model can be extended to allow for debt finance and the presence of taxes. See, for example, Summers (1981) and Hayashi (1982 Hayashi ( , 1985 . We incorporate the standard adjustment for debt finance and tax in the empirical measures of Q t used in section 4.
6
We first write
so that the measure of Q t that uses the firm's equity valuation has the form
Substituting Q E t for Q t in the investment model (9) then gives
It is useful to distinguish among three forms that the measurement error µ t may take. The first is where µ t is serially uncorrelated. In this case it is possible to obtain consistent parameter estimates from (13), using Q Several models of share price bubbles and noise trading would predict highly persistent deviations of equity valuations from 'fundamental' values. In this third form, the measurement error is highly persistent. Two sub-cases can be distinguished, depending on whether µ t is correlated or uncorrelated with the firm's fundamental value 6 We discuss here the case where adjustment cost shocks (e t ) are serially uncorrelated, but relax this assumption later.
7 See, for example, Hayashi and Inoue (1991) and Blundell et al. (1992 To test the null hypothesis that stock market valuations are strongly efficient against the alternative that share valuations deviate from fundamental values (V t ) in a way that is both highly persistent and correlated with V t itself, we propose to use securities analysts' forecasts of future earnings to construct an alternative estimate of the present value of current and future net revenues. Under the null hypothesis of strong efficiency, and the assumptions used to obtain the Q model, the conventional measure of Q E t using stock market valuations should be a sufficient statistic for investment. Under the alternative, there is relevant information about expected future profitability that is not summarised in the conventional measure of Q E t , and an alternative measure based on analysts' forecasts of profits should be informative.
To implement this test we use analysts' consensus forecasts of future profits as a measure of E t [Π t+s ]. Combining these forecasts with a simple assumption about the discount rates β t+s , we can construct an alternative estimate of the present value of 8 Current values of these variables will not be valid instruments if they are correlated with e t . 9 See, for example, Blanchard and Watson (1982) , Froot and Obstfeld (1991) and Campbell and Kyle (1993). current and future net revenues as
We then use this estimate in place of the firm's stock market valuation to obtain an alternative estimate of average q, and hence
Including Q t as an additional regressor in equation (13) tests the null of strong efficiency, conditional on the structure of the Q model.
Finally we consider identification of the Q model under the alternative that µ t , the measurement error in Q E t is highly persistent and correlated with V t . This may be possible if we use Q t in place of the conventional measure Q E t . Clearly our estimate of V t will also measure the firm's fundamental value V t with error. The sources of measurement error include truncating the series after a finite number of future periods, using an incorrect discount rate, and the fact that analysts forecast net profits rather than net revenues. Letting ν t = Q t − Q t denote the resulting measurement error in our estimate of Q t , the econometric model is then
The measurement error ν t may also be persistent. Identification will depend on whether this measurement error is uncorrelated with suitably lagged values of observable instruments, for example sales, profits or investment. We regard this as an empirical question that will be investigated using tests of overidentifying restrictions in the context of model (16).
Relation to Abel and Blanchard (1986)
To implement our approach, we construct an approximation to
Abel and Blanchard (1986) proposed instead to econometrically forecast using vector
Our approach relies on the assumption that Π t is homogeneous of degree one in (K t , L t , I t ), but avoids the need to specify a functional form for the marginal revenue product of capital. The practical appeal is that we can use published profit forecasts based on the information set available to professional securities analysts, which is likely to be richer than that available to the econometrician specifying the auxiliary forecasting model needed to implement the Abel-Blanchard approach.
When implementing their procedure, Abel and Blanchard (1986) and subsequent researchers (see, for example, Gilchrist and Himmelberg, 1995) assumed that Π t is homogeneous of degree one in K t alone. This is strictly inconsistent with the structure of the Q model outlined in section 2.1, and likely to result in biased estimates of the adjustment cost parameter. Given the assumption that Π t is homogeneous of degree
Thus the approximation
omits terms in the rate of investment (and, for the adjustment cost function in equation (8), also terms in the square of the rate of investment) that will result in omitted variable bias. 11 Moreover, given the structure of adjustment costs assumed in equation (8), that forms the basis for a linear relationship between the investment rate and Q, it is difficult to see how net revenue Π t could be homogeneous of degree one in K t alone.
10 Since
∂Π t ∂L t
= 0 for the variable inputs. 11 Abel and Blanchard (1986) themselves noted this point in their footnote 5 but ignored it in their empirical work.
Data
The Compustat dataset is an unbalanced panel of firms from the industrial, full coverage, and research files. The variables we use are defined as follows. The replacement value of the capital stock is calculated using the standard perpetual inventory method with the initial observation set equal to the book value of the firm's first reported net stock of property, plant, and equipment (data item 8) and an industry-level rate of economic depreciation constructed from Hulten and Wykoff (1981) . Gross investment is defined as the direct measure of capital expenditures in Compustat (data item 30).
Cash flow is the sum of net income (data item 18) and depreciation (data item 14).
Both gross investment and cash flow are divided by the current period replacement value of the capital stock. The construction of Q E andQ is discussed in detail in appendix A (to be written). The implicit price deflator (IPD) for total investment for the firm's three-digit SIC code is used to deflate the investment and cash flow variables and in the perpetual inventory calculation of the replacement value of the firm's capital stock. The three-digit IPD for gross output is used to form the relative price of capital goods. These price deflators are obtained from the NBER/Census database (http://www.nber.org/nberprod). We use Compustat data on the firms' dividend payout and S&P bond rating to split the sample.
We employ data on expected earnings from I/B/E/S International Inc., a private company that has been collecting earnings forecasts from securities analysts since 1971.
To be included in the I/B/E/S database, a company must be actively followed by at least one securities analyst, who agrees to provide I/B/E/S with timely earnings estimates.
According to I/B/E/S, an analyst actively follows a company if he or she produces research reports on the company, speaks to company management, and issues regular earnings forecasts. These criteria ensure that I/B/E/S data come from well-informed sources. The I/B/E/S earnings forecasts refer to net income from continuing operations as defined by the consensus of securities analysts following the firm. Typically, this consensus measure removes from earnings a wider range of non-recurring charges than the "extraordinary items" reported on firms' financial statements.
For each company in the database, I/B/E/S asks analysts to provide forecasts of earnings per share over the next four quarters and each of the next five years. We focus on the annual forecasts to match the frequency of our Compustat data. In practice, 11 few analysts provide annual forecasts beyond two years ahead. I/B/E/S also obtains a separate forecast of the average annual growth of the firm's net income over the next three to five years -the so-called "long-term growth forecast". To conform with the timing of the stock market valuation we use to construct Q E , we constructQ using the last reported analysts' forecasts before the beginning of the fiscal year.
We abstract from any heterogeneity in analyst expectations for a given firm-year by using the mean across analysts for each earnings measure (which I/B/E/S terms the "consensus" estimate). We multiply the one-year-ahead and two-year-ahead forecasts of earnings per share by the number of shares outstanding to yield forecasts of future earnings levels.
The sample we use for estimation includes all firms with at least four consecutive years of complete Compustat and I/B/E/S data. We require four years of data to allow for first-differencing and the use of lagged variables as instruments. We determine whether the firm satisfies the four-year requirement after deleting observations that fail to meet a standard set of criteria for data quality (described below).
We deleted observations for the following reasons: (1) q E is less than 0, its theoretical minimum, or greater than 40; (2)q is less than 0 or greater than 40. These types of rules are common in the literature and we employ them to maintain comparability to previous studies.
Empirical specification
Following Blundell et al. (1992) , our empirical specification also allows for the adjustment cost shock (e it ) for firm i in period t to have the first-order autoregressive structure
where ε it can further be allowed to have firm-specific and time-specific components.
Allowing for this form of serial correlation in equation (13) gives the dynamic specifi-
and a similar dynamic specification based on the model defined by equation (16), whereQ replaces Q E . We allow for time effects by including year dummies in the estimated specifications. Estimation allows for unobserved firm-specific effects by using first-differenced GMM estimators with instruments dated t − 3 and earlier. This is implemented using DPD98 for GAUSS. 12 The common factor restriction is tested and imposed in the results reported below, using the minimum distance procedure described in Blundell et al. (1992) .
Empirical results
In our results we use the full sample of firms that meet our data requirements and two subsamples of firms, those that pay dividends and those that have a bond rating from Standard and Poor's at the beginning of the year. We focus on these two sub-samples because they contain large, well-established firms that have very liquid markets for their equity; which are arguably the conditions that are least favorable to our conjecture that there are deviations from strong efficiency. We can use the estimates on q E andq to calculate the implied elasticities of the investment-capital ratio with respect to the fundamental variable. As shown in the bottom of the table, the elasticities from usingq are more than twenty-five times that when q E is used. In contrast to many previous studies, these estimates indicate that investment spending is quite sensitive to fundamentals. The estimates also imply that whenq is used marginal adjustment costs for a $1 investment are all less than $1, evaluated at either the means or medians of the sample variables.
In the remaining columns of the table we perform the same analysis using the two subsamples of firms. The results are qualitatively identical, although the point estimates onq are smaller in the dividend paying sample and larger in the bond rated sample.
In whether we use the tax-adjusted or unadjusted measures we find similar results.
In tables 3 through 6 we examine the robustness of our results. In table 3 we introduce cash flow as an additional regressor in the investment equations. In all other respects, the estimation method and data are identical to those used to generate the 14 results in table 1. In this framework, the coefficient on cash flow measures its influence after controlling for expected future returns, and it should be zero if there are no binding financial constraints and the Q model is otherwise correctly specified. The coefficient on q E in column 1 is little affected but, as many studies have found, the coefficient on cash flow is large and statistically significant. In columns 2 and 3 when we useq as a control for fundamentals we find that investment is insensitive to cash flow.
Moreover, there is no evidence that the model is misspecified based on the diagnostic tests, and the economic implications of the results are similar to those in table 1.
In the subsamples, the estimates on cash flow are statistically insignificant regardless of which measure is used. Considering just the results using q E , this evidence would seem to be consistent with earlier studies: cash matters for the firms that are most likely to face liquidity constraints, not the large, liquid firms we have isolated in our two subsamples. But this conclusion is premature when we consider the results usingq. Here regardless of the sample of firms, cash does not matter for investment.
We come to the same conclusion when we repeat the exercise in table 4 using the taxadjusted variables.
Finally, in tables 5 and 6 we introduce non-linear terms in the measures of fundamentals. Again, the estimation method and data are identical to those used to generate the results in table 1. In this framework, the coefficient on the squared-term measures the extent to which investment responds nonlinearly to fundamentals. The coefficient on the squared terms should be zero if adjustment costs take the symmetric, quadratic form of equation 8. However, significant non-linearities are consistent with a model of non-convex adjustment costs.
The coefficient on q E in column 1 of table 5 is substantially larger than in table 1 and is precisely estimated. The coefficient on the square of q E is negative and statistically significant, indicating that the investment rate is concave in q E . In particular, the elasticity is much larger than in The results in column 2 where we perform the analogous experiment usingq support, rather strongly, the latter interpretation. In this case, we find no evidence of non-linearity or model misspecification, indicating that measurement error in share prices, rather than non-convex adjustment costs, are responsible for the results when using q E . The results in the subsamples and when using the tax-adjusted variants, in table 6, lead to the same conclusion.
5 Implications [To Be Written] 
Conclusion
The empirical failure of the Q model has led to a vibrant research agenda focusing on different ways the model might be salvaged. The two most persuasive criticisms of the theoretical setup of the model are that it ignores the role of capital market imperfections and non-convex adjustment costs. Many empirical studies are supportive of these lines of inquiry, having rejected the basic model in ways that are consistent with these proffered explanations. However, all these studies take as a given that the stock market is strongly efficient.
We show the conditions under which it is possible to identify the Q model when stock prices are not strongly efficient. We find empirically that the model cannot be identified using share prices, but that it can be using a measure of fundamentals that relies on securities analysts' forecasts of future profits. Using the share price measure of fundamentals we replicate the results from earlier research. But using our new measure we find more reasonable estimates of the size of adjustment costs and the elasticity of investment with respect to fundamentals. Perhaps most surprisingly, we find that conditional on our measure, there is no additional information relevant for investment in the conventional share price based measure of average q. In addition, neither cash flow nor non-linear terms are found to be significant conditional on our constructed The dependent variable is the first difference of the ratio of investment to capital, I it /K it . Year dummies and an intercept are included (but not reported) in all regressions. Robust standard errors on coefficients are in parentheses.
The full sample contains the firms with at least four years of complete Compustat and I/B/E/S data. The number of firms in this sample is 961, for a total of 6144 observations, and the estimation period is 1986-97. The dividend paying sample contains the firms with at least four years of complete Compustat and I/B/E/S data for those firms that pay common dividends. The number of firms in this sample is 650, for a total of 4363 observations, and the estimation period is 1986-97. The bond rated sample contains firms with at least four years of complete Compustat and I/B/E/S data for those firms that have bond ratings from Standard & Poor's at the beginning of the year. The number of firms in the sample is 399, for a total of 2113 observations, and the estimation period is 1990-97.
Instrumental variables are the period t − 3 and t − 4 values of I/K and CF/K. The instrument sets also contain an intercept and year dummies.
The test of the overidentifying restrictions, called a Sargan test, is asymptotically distributed χ 2 (n−p) , where n is the number of instruments and p is the number of parameters. The test for second-order serial correlation in the residuals is asymptotically distributed as N(0,1) under the null of no serial correlation. • 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 Year 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 Year 
